Thousands of wetland restorations have been done in the glaciated mid-continent of the United States. Wetlands in this region revegetate by natural recolonization after hydrology is restored. The floristic composition of the vegetation and seed banks of 10 restored wetlands in northern Iowa were compared to those of 10 adjacent natural wetlands to test the hypothesis that communities rapidly develop through natural recolonization. Restoration programs in the prairie pothole region assume that the efficient-community hypothesis is true: all plant species that can become established and survive under the environmental conditions found at a site will eventually be found growing there and/or will be found in its seed bank. Three years after restoration, natural wetlands had a mean of 46 species compared to 27 species for restored wetlands. Some guilds of species have significantly fewer (e.g., sedge meadow) or more (e.g., submersed aquatics) species in restored than natural wetlands. The distribution and abundance of most species at different elevations were significantly different in natural and restored wetlands. The seed banks of restored wetlands contained fewer species and fewer seeds than those of natural wetlands. There were, however, some similarities between the vegetation of restored and natural wetlands. Emergent species richness in restored wetlands was generally similar to that in natural wetlands, although there were fewer shallow emergent species in restored wetlands. The seed banks of restored wetlands, however, were not similar to those of natural wetlands in composition, mean species richness, or mean total seed density. Submersed aquatic, wet prairie, and sedge meadow species were not present in the seed banks of restored wetlands. These patterns of recolonization seem related to dispersal ability, indicating the efficient-community hypothesis cannot be completely accepted as a basis for restorations in the prairie pothole region. after hydrology is restored. The floristic composition of the vegetation and seed banks of 10 restored wetlands in northern Iowa were compared to those of 10 adjacent natural wetlands to test the hypothesis that communities rapidly develop through natural recolonization. Restoration programs in the prairie pothole region assume that the efficient-community hypothesis is true: all plant species that can become established and survive under the environmental conditions found at a site will eventually be found growing there and/or will be found in its seed bank. Three years after restoration, natural wetlands had a mean of 46 species compared to 27 species for restored wetlands. Some guilds of species have significantly fewer (e.g., sedge meadow) or more (e.g., submersed aquatics) species in restored than natural wetlands. The distribution and abundance of most species at different elevations were significantly different in natural and restored wetlands. The seed banks of restored wetlands contained fewer species and fewer seeds than those of natural wetlands. There were, however, some similarities between the vegetation of restored and natural wetlands.
INTRODUCTION
LaGrange and Dinsmore (1989) concluded "that a high-quality wetland, with a plant and animal community very similar to unaltered wetlands, can be restored by removing or blocking tile lines." LaGrange and Dinsmore's (1989) study as well as other pioneering studies (Madsen 1986 , 1988 , Sewell and Higgins 1991 of restored wetlands in the prairie potholes region suggested that a drained wetland can be restored by either plugging its drainage ditch or destroying its drainage tile line(s), i.e., by restoring its hydrology.
Once a wetland's hydrology was restored, wetland vegetation would become reestablished naturally within a few years. Consequently, no effort has been made to plant or seed appropriate wetland species in hydrologically restored prairie potholes. Thousands of such restorations have been done in the United States section of the North American prairie pothole region since the mid-1980s (Galatowitsch 1993) . This is in sharp contrast to wetland restoration projects in other parts of the United States in which active revegetation is typically a major feature of a project (Committee on the
Restoration of Aquatic Ecosystems 1992).
We will refer to the idea that the vegetation of restored prairie pothole wetlands will develop rapidly after their hydrology has been restored as the "efficient-community" hypothesis. Current restoration programs are based on the assumption that this hypothesis is true for prairie wetlands, although it has not been explicitly tested. According to the efficient-community hypothesis, all plant species that can become established and survive under the environmental conditions found at a site will eventually be found growing there and/or will be found in its seed bank. In other words, composition of the vegetation does not reflect dispersal ability. If the hypothesis is true, then all restored wetlands will develop plant communities resembling those of natural wetlands, regardless of location or efforts to plant or seed. On the other hand, if the hypothesis is false, then restoration recovery will be affected by proximity to propagule source and by deliberate introduction of propagules by planting or seeding.
Because prairie wetlands undergo cyclic changes in their vegetation in response to changes in water depth (van der Valk and Davis 1978, van der Valk 1981) , the February 1996 RESTORED PRAIRIE WETLAND VEGETATION 103 vegetation in the deeper sections of prairie potholes ranges from that in the drawdown phase when mudflat annuals are dominant to that of the regenerating phase when emergent species are dominant to that of the lake phase when submersed aquatics are dominant. Consequently, in a short-term study, not all the species present in a wetland will be found in the vegetation.
Nearly all species in these wetlands that are found during the various vegetation phases are, however, present in their seed banks (van der Valk and Davis 1976 , 1978 , 1979 ). An examination of the species composition of the seed bank can be used to determine what species are present in a wetland that are not found in its vegetation at a given time.
For a wetland restoration, the efficient-community hypothesis implies that the success or failure of a restoration will depend primarily on how well pre-drainage environmental conditions are reestablished. If true, after successful restoration of the pre-drainage hydrology, the spread of refugial populations, recruitment from remnant seed banks, and/or dispersal of propagules to the restored basin will quickly reestablish vegetation that is identical in composition and structure to that of the pre-drainage period. Wienhold and van der Valk (1989) noted that some species, such as Scirpus fluviatilis and Scirpus validus, seem to be able to persist as marginal populations in drained wetlands. Wienhold and van der Valk (1989) also showed that seeds of some wetland species can persist in the seed banks of drained and cultivated wetlands. Seed density and species richness, however, declined with increasing duration of drainage. Very little is known about the role of dispersal in recolonizing restored wetlands. Waterfowl are suspected to be a primary vehicle of dispersal of many wetland species (deVlaming and Proctor 1968 , Gill 1974 , Powers et al. 1978 .
To test the efficient-community hypothesis, we need to make operational "all plant species" and "eventually" in the definition. A survey of "all plant species" found in the seed banks and vegetation of comparable natural wetlands provides the best estimate of what species should be found in successfully restored wetlands. In such a survey, suitable comparable natural wetlands must be in close proximity to the restored wetlands, must be the same size and depth, and must have the same hydrology. Because the operating assumption of managers in the region is that vegetation reestablishes immediately (within 1 yr) from persistent seed banks and because the existing literature has supported this notion, it seems reasonable that "eventually" initially be defined as ?3 yr after restoration.
Previous surveys of the vegetation of restored prairie potholes did not compare the composition of the vegetation of restored wetlands to that of comparable natural wetlands. Nor did they examine the seed banks of restored wetlands to determine if species not represented in the vegetation were present in the restored wetland and if the seed banks of restored wetlands were similar to those of natural wetlands. After 3 yr it is unlikely that the vegetation of restored wetlands will resemble that of natural wetlands in all respects, but, at a minimum, a comparison of the species present in the seed banks and vegetation in restored and natural wetlands seems an appropriate initial test of the efficient-community hypothesis. At these initial stages of reestablishment, any effects of recolonization ability on community composition will be most pronounced and therefore detectable.
In this study we compare the overall floristic composition, distribution of species at four elevations, and composition of the seed banks of 10 recently restored wetlands that had been tile-drained and cultivated for >25 yr to those of 10 comparable natural wetlands.
The objectives of the study are to determine (1) how closely the composition of the vegetation of restored wetlands after 3 yr of reflooding resembles that of natural wetlands and (2) how closely the composition of the seed banks of restored wetlands after 3 yr of reflooding resembles that of natural wetlands.
METHODS

Study sites
Ten restored wetlands in five counties in northern [93] [94] [95] were selected from 62 restored wetlands that were being monitored as part of a general study of restored prairie wetlands (Galatowitsch 1993). All 10 restored wetlands were on hydric soils that correspond to a pre-drainage seasonal or semipermanent water regime. Each basin had been tiledrained and completely cultivated for corn and soybean production for 25-75 yr, as confirmed from interviews with landowners and from federal crop compliance records (Galatowitsch 1993) . Surveys of landowners established that none of the selected basins had areas predominated by residual wetland vegetation during cultivation. Each basin included in the study was thoroughly drained, without persistent ponding or saturation, throughout its agricultural usage. All 10 sites were restored in 1988 by disrupting tile lines leaving these wetlands. A nearby natural wetland of similar size and water regime was selected for each restored wetland (Fig. 1) . All restored and natural wetlands were freshwater wetlands with mean specific conductance of water between 233 KS/cm and 748 VLS/cm (Cowardin et al. 1979) . Each of the 20 wetlands is an isolated basin, lacking surface water connections to other wetlands.
A topographic field survey was made of each basin to an accuracy of ?3 cm using a surveying level. Topographic maps were produced by using SURFER (Golden Software, Inc., Golden, Colorado, USA). The high-water elevation was taken to be the level of the lated by summing the cover classes of the species in the five quadrats at that elevation. The following six cover classes were used: "r" and " + " were designated "class 1," 1-4 % was class 2, class 3: 5-24%, class 4: 25-49%, class 5: 50-74%, and class 6: 75-100%.
The abundance of a species at a given elevation can range from 0 (completely absent) to 30 (cover of 75 to 100%, cover class 6, in all five quadrats).
Seed bank survey
Seed bank samples were collected in each basin at the same four elevation ranges as used for the cover estimates at different elevations. Sediment was collected using a 7.5-cm-diameter core to a depth of 5 cm.
Cores were taken at five random locations at each el- A water depth of 4-5 cm was maintained over the surface of the flooded flats by adding water as needed.
Soil in saturated flats was watered once or twice daily.
Flats within a treatment were completely randomized.
Eight flats with sterile sand and soil were also placed at random on the bench to test for contamination of samples from greenhouse sources. No seeds germinated in these control flats.
Seedlings were counted and removed as they reached an identifiable stage. Most viable seeds should have germinated within the 4-mo assay period: past studies have shown that 90% of temperate wetland seedlings emerged within the first 3 mo (Pederson 1983) . At the end of 4 mo, all remaining unknown seedlings were transferred to pots and grown to an identifiable stage.
Seed densities are expressed as the number of seeds per square metre in a layer of soil 5 cm thick.
Seedling counts were used to estimate the number of viable seeds of a species in the drawdown and flooded treatments subsamples per unit area. The number of species in a given seed bank was the larger of the two estimates of its density from the drawdown and flooded treatments. Statistical analysis of seed bank data indicated no significant differences in density of species at different elevations. Subsequent analyses were done with pooled data. Seed bank dissimilarity between restored and natural wetlands was compared with a Mantel test, as previously described for floristic data. Wilcoxon rank-sum tests were used to test if the total number of seeds germinated and the total number of species differed in the natural and restored wetlands. All tests of significance were done at o=0.05 (Hollander and Wolfe 1973) . Species in the seed bank were also placed in guilds as described in Vegetation survey, above.
RESULTS
Wetland features
The 10 restored and 10 natural wetlands were similar in their mean size and mean water depth (Table 1 ). The mean difference between minimum and maximum water level from April to October 1991 was 0.39 m for both restored and natural wetlands ( Table 2 ). The mean percentage of a basin exposed by seasonal drawdown also was similar, 56% for restored basins and 45% for natural basins. and floating annual species than did restored wetlands.
A greater diversity of submersed aquatics was found in restored wetlands than natural wetlands (P = 0.002).
The numbers of species of deep emergent perennials, mudflat annuals, and woody plants were similar in natural and restored wetlands.
Nearly one half (45%) of the 106 wetland species observed were found only in natural wetlands. Of the 48 species found only in natural wetlands, 16 (33%) were wet-prairie perennials, 22 (46%) were sedge meadow species, 6 species (13%) were shallow emergent species, and 1 (2%) each was deep emergent, submersed aquatic, floating annuals, and mudflat species.
Ten species (9%) were found only in restored wetlands.
Cyperus esculentus, an introduced perennial, and a cultivated race of Panicum virgatum planted to limit soil erosion were two of these species. Two mudflat annuals, Xanithium strumarium and Amnaranthus rudis, were seen only in restored wetlands. The remaining six species were all submersed aquatics.
Leersia oryzoides and Cirsium arvense were common wet-prairie/sedge meadow species in both restored and natural wetlands (Fig. 2) . Cyperus esculentus was present in restored but not in natural wetlands. Although this species is a perennial, it was more common on mudflats than in densely vegetated areas (S. Galatowitsch, personal observation). Sium suave, Glyceria grandis, Iris virginica, Carex atherodes, Carex lacustris, and Phragmites australis were common emergent species of natural wetlands but were not found in restored wetlands (Fig. 3) . Phalaris arundinacea was considerably more widespread and abundant in natural wetlands than in restored wetlands, as was Polygonum acnphibiumn. Mudflat annuals were considerably more abundant in shallow areas of restored wetlands than of natural wetlands. Bidens cernua, Amaranthus rudis, and Echinochloa spp. were abundant in most restored wetlands (Fig. 4) . Bidens cernua and Polygonum pensylvanicum were found in natural wetlands, but were not common. Of the submersed aquatics, Potamogeton pectinatus and Potamogeton nodosus were only common in restored wetlands; Potamogeton foliosus and Ceratophyllum demersum were only sporadic in natural wetlands (Fig. 5) . Potamogeton pectinatus, Potamogeton foliosus, and Ceratophyllum demersum together (Table 3) . Natural wetlands had a mean seed density of 7369 seeds/m2 while restored wetlands had a mean seed density of 3019 seeds/m2.
Leersia orvzoides was detected from more sites of both restored and natural wetlands than any other sedge meadow species (Table 4) . Cvperus esculentus, Eleocharis sp., Scirpus atrovirens, Juncus dudleyi, and Juncus torrevi were evident in the seed banks of several restored wetlands. These species were also present in the vegetation. Nine wet-prairie/sedge meadow species were found only in the seed banks of natural wetlands.
Calamnagrostis canadensis, Lysmachia thyrsiflora, and Spartina pectintata were not detected in the seed bank assay, although they were widespread in the vegetation of natural wetlands.
Tvpha sp. and Scirpus acutus/validus were common in the seed banks of both restored and natural wetlands (Table 4) Wet prairie and sedge meadow species are poorly represented in the seed banks of both natural and restored wetlands, but particularly in restored wetlands.
Wienhold and van der Valk (1989) reported that propagules of sedge meadow species persisted <20 yr in the seed bank. Since remnant seed banks will not likely be important for recolonization of sedge meadow species in restored wetlands, the rate and magnitude of dispersal of their propagules will determine how quickly these species will become reestablished. Unfortunately, the probability of many species in these guilds reaching isolated restored wetlands is probably very low. There is some additional indirect evidence that dispersal during the first 3 yr is responsible for establishing new species in restored wetlands. A comparison of our seed bank data with that for drained and natural wetlands reported by Wienhold and van der Valk (1989) suggests restored wetlands in our study have more species in their seed banks than is expected. The intensity of seed bank sampling in a wetland by Weinhold and van der Valk (1989) was similar to that in this study. 
